Background: The biconcave (B2) glenoid is characterized by preservation of the anterior portion of the native glenoid with asymmetric wear of the posterior glenoid. Surgical options for glenoid correction have evolved. The goal of shoulder arthroplasty is to place the implants in such a manner to return the humeral head to a centered position and restore the joint line to a neutral position. There is no current consensus on method of treatment and correction. Methods: The current and historical literature on total shoulder arthroplasty was used to examine technique viability. Results: Asymmetric remaining can be used to address up to 15 of version correction without compromise of cortical bone. It is important to have the proper presurgical planning, to understand the limitations of correction, and to have other options available to treat the biconcave glenoid.
Introduction
In 1999, Walch classified the changes in morphology of the glenoid during glenohumeral osteoarthritis. 1 The biconcave (B2) glenoid is characterized by preservation of the anterior portion of the native glenoid with asymmetric wear of the posterior glenoid. The development of such deformity is related to many factors, including a significant increase in native retroversion of the glenoid. 2 The percentage of the affected glenoid can be highly variable. In addition, there can be a range of depth of the posterior concavity and erosion. The humeral head translates posteriorly into the defect and progressively subluxates. When the humeral head is subluxated posteriorly, patients are likely to have lower final outcome scores, more pain, and decreased active external rotation following either total shoulder arthroplasty (TSA) or hemiarthroplasty. 3 The Walch classification of glenoid morphology has aided providers in differentiating posterior erosion versus dysplasia. 1 It subsequently has aided the decision-making process in terms of treatment of osteoarthritis of the glenohumeral joint based upon its morphology. However, it has also had varying reported rates of intraobserver and interobserver reliability since its conception in 1999. [4] [5] [6] Because of these varying results, Bercik et al. 7 developed the modified Walch classification ( Figure 1 ) that has most recently been shown to have a substantial intraobserver reliability (cohen j coefficient of .77) and a moderate interobserver reliability (cohen j coefficient of .55). 8 In general, arthroplasty in the setting of the B2 glenoid has been associated with higher rates of glenoid component loosening and premature failure. A systematic review addressing B2 glenoids showed 42% of patients having some loosening of the glenoid component at mean follow-up of 55 months. 9 Correction of significant retroversion is required to avoid glenoid component malposition with subsequent early loosening and failure. 10 Addressing the B2 glenoid requires careful preoperative planning.
The initial deformity assessment is typically performed with plain radiographs. The axillary view is used to assess humeral head position and glenoid morphology ( Figure 2 ). Further imaging may be required when any degree of humeral subluxation or glenoid asymmetry are present. Surgeons tend to overestimate glenoid retroversion with plain radiographs; therefore, 2-dimensional (2D) computed tomography (CT) scans can be helpful in assessing glenoid shape and preoperative planning ( Figure 3 ). 11 Magnetic resonance imaging (MRI) has also been comparable to CT for measuring version 12, 13 and can be used on the occasion the patient presents already having an MRI ( Figure 4 ).
Advancements in 3-dimensional (3D) imaging have also allowed for improved surgical planning and simulation of glenoid placement. Moreover, 3D reconstruction is valuable for surgeons to accurately determine the location of glenoid bone loss and improve surgical decision-making. 14 The addition of surgical planning with 3D imaging further improves glenoid correction to within 10 of desired version. 15 Many commercially available systems are in use for CT 3D planning ( Figure 5 ).
Surgical options for glenoid correction have evolved. The goal of shoulder arthroplasty is to place the implants in such a manner to return the humeral head to a centered position and restore the joint line to a neutral position. There is no current consensus on method of treatment and correction. For completeness, the following options are briefly discussed: hemiarthroplasty with corrective reaming (ream and run), posterior bone grafting, implant augmentation, and reverse TSA. The remainder of this article will focus on eccentric reaming with placement of anatomic shoulder arthroplasty.
Ream and Run
Humeral hemiarthroplasty with concentric glenoid reaming is an additional technique that can be used to address the B2 glenoid. This technique is also referred to as the "ream-and-run" technique. It involves concentrically reaming the glenoid to remove biconcavity, but does not address the glenoid version. This avoids excessive glenoid bone loss and also gives the humeral head a surface with a single concavity for joint contact. 16 Recent studies have shown that this technique is capable of improving pain and function in the short term for primary glenohumeral arthritis 17, 18 and has also shown promising results in the management of the B2 glenoid. 19 The arthroplasty should be anatomic and not oversize the joint to prevent asymmetric loading. There remains concern that painful glenoid wear continues in the face of hemiarthroplasty. 20 
Bone Grafting
Bone grafting is a useful technique for addressing excessive glenoid retroversion that is beyond 15 . This method of correction is also technically demanding. It involves creating a uniform step with fixation of autograft onto the glenoid face to correct excessive glenoid retroversion prior to fixation of the glenoid component. This technique relies on graft incorporation in addition to the glenoid component fixation. 21 Therefore, several studies have shown that this technique has failures secondary to failure of graft fixation. 22 Hill and Norris 23 showed 5 failures out of a cohort of 21 patients treated with bone grafting at the time of TSA, and only one of these failures was secondary to graft fixation failure. They did show a loss of correction in 3 patients secondary to graft nonunion or dissolution. Some favorable results have been shown despite radiographic evidence of incomplete graft incorporation or glenoid component failure. 24 
Augmented Glenoid Components
The advent of augmented glenoid components avoids many of the drawbacks of the bone grafting techniques. The augmented glenoid does not have to rely on bone graft incorporation.
Wedge-augmented glenoid components are designed for addressing a B2 glenoid component in which the neoglenoid involves >50% of the glenoid face, while step-augmented glenoid components are useful in addressing B2 glenoids with a neoglenoid that involves <50% of the glenoid face. These methods likely allow for greater preservation of glenoid bone stock. 21 Although long-term follow-up data are not available for these components, there is promising shortterm data showing the ability to correct version with less joint line medialization compared to standard TSA with the use of an all polyethylene stepped glenoid component. 25 Augmented glenoid designs show promising results with improved clinical function and pain in several short-term studies with some components showing radiolucencies of no clinical consequence. [24] [25] [26] Reverse TSA
Reverse TSA is also an option for the management of the B2 glenoid, especially in the elderly, low-demand patient. The reverse TSA can be used in patients with excessive retroversion of the glenoid, and it is also useful for patients in which an augmented glenoid component that may result in peg perforation. Mizuno et al. have demonstrated favorable outcomes in the treatment of the biconcave glenoid with reverse TSA in patients with an intact rotator cuff. 26 However, a recent review from the German registry (SEPR) showed a higher revision rate with reverse arthroplasty compared to anatomic arthroplasty (21% vs 12%) with higher instability rates among reverse arthroplasty for B2 glenoids. The anatomic shoulders did show an 11% glenoid loosening rate compared to 3% loosening of the reverse arthropalsties. 27 
Eccentric Reaming and Anatomic TSA
The historic difficulty with B2 glenoids involved restoring a neutral joint line to recenter the humeral head and avoid glenoid component loosening. If retroversion is not corrected, osteolysis around the central peg is more likely to occur. 28 Each of the options previously discussed have limitations in treatment and may, in some cases, dramatically increase the cost of implants over traditional anatomic implants. Asymmetric reaming is generally considered the least difficult method of correction from a technical standpoint; however, using this method, standard total shoulder implants have been shown to have a high complication rate. Premature glenoid loosening and posterior instability are well documented. One study even found a 16% revision rate at a mean interval of 96 months. 29 Obtaining a CT scan may allow for preoperative planning and the use of patient-specific instrumentation. Traditional methods to correct moderate to severe glenoid retroversion in order to place the glenoid component are not consistent. Retroversion greater or equal to 20 makes it difficult to place a pegged glenoid component perpendicular to the plane of the scapula by reaming alone without risking peg perforation. 3 A study by Hendel et al. in 2012 found more accurate reaming (less overreaming), more appropriate version correction, and lower incidence of peg perforation when patient-specific instrumentation was used. 30 Frequently, the anterior (paleo) glenoid portion has unworn cartilage, and simply removing cartilage may correct the version to some degree and reveal a minimal amount of bony reaming prior to final implant placement. When 50% or more of the native glenoid is intact, simple pin guides and corrective reaming are very reliable. More wear and deformity secondary to osteophyte formation make pin placement more difficult. 21 In addition, there is likely a limit to the amount of correction that can be obtained by reaming the anterior, high side. Studies have suggested that reaming can make up for up to 8 mm of bone loss of the posterior glenoid and version corrected up to about 15 . 31 Reaming beyond that may compromise cortical bone. A recent study showed virtual version correction as small as 10 reduced the density of bone available for glenoid fixation. Increased reaming resulted in gradual bone loss from the anterior glenoid 32 or medical subsidence with loss of bony support. 33 Other studies have shown that medial reaming likely decreases the anteroposterior dimension of the glenoid, further decreasing support of a polyethylene glenoid component. 34 Further concerns over reaming the glenoid include the possibility of excessive medialization of the joint line, therefore decreasing rotator cuff efficiency and increasing the likelihood of peg perforations. To avoid such complications, incomplete version correction may be required. Research has shown correction within 6 of retroversion (rather than 0) may be beneficial 35 and falls within the 10 of remaining retroversion that is favored biomechanically. 36 Asymmetric reaming for placement of an anatomic component continues to be a viable and common method for treating the B2 glenoid. When glenoid retroversion is greater than 15 , there may actually be an advantage to reaming. A biomechanical study on loosening demonstrated micromotion of polyethylene glenoids placed with uncorrected reaming at 2000 cycles, while posterior augmented specimens showed micromotion at 10 000 cycles. Both showed significantly more micromotion than glenoids implanted with corrective reaming for the same number of cycles. 37 It must be emphasized that preparation with reaming, especially in the face of asymmetry, must result in a perfectly congruent surface. Remaining biconcavity prevents complete component seating, and inadequate bone preparation leads to a lack of support. Edge loading of a prosthetic component that does not have full backside support leads to warping of the implant as well as increased micromotion. Lucent lines and early glenoid component failure are directly related to initial seating. 34 A recent clinical study on anatomic TSA described treatment of an average 18 of preoperative retroversion and 67% humeral head posterior subluxation yielded good clinical outcomes. Fifty-nine patients reported improved American Shoulder and Elbow Surgeon (ASES) and Simple Shoulder Test scores with no overall difference in progression of radiolucencies. Using a threshold of 20 of preoperative retroversion, there was no difference in radiographic lucency <20 versus >20 and no revisions secondary to loosening or instability at a mean of 50-month follow-up. 38 It is our current practice to obtain standard axillary radiographs on all patients with glenohumeral osteoarthritis. With any glenoid deformity or humeral subluxation, dedicated shoulder CT with 1 mm cuts and 3D reconstructions are obtained. We also regularly use planning, including commercially available software, to accurately assess depth of the posterior (neo) glenoid. If less than 8 mm of the anterior (paleo) glenoid remains, and retroversion is 15 or less, we rely on asymmetric reaming of the high side of the glenoid and standard component placement. Figure 6 shows the post-operative x-rays on the same patient shown in Figures 2 and 3 . We have also found that position of the humeral head serves an important part in planning, and we prefer not to aggressively correct remaining retroversion when the humeral head remains centered. If the shoulder CT shows greater than 8 mm difference between the posterior (neo) glenoid and anterior (paleo) glenoid along with a need for correction of greater than 15 of retroversion, we then turn our attention to the age of the patient. Patients with an age greater than 65 years are considered for reverse TSA. Patients with an age less than 65 years are considered for TSA with use of augmented glenoid techniques, either bone grafting or augmented glenoid components. A summary of this treatment algorithm is demonstrated in Figure 7 . Using this algorithm, we identified 29 patients with at least 1 year of clinical and radiographic follow-up who had B2 glenoids and retroversion of at least 10 corrected with asymmetric reaming and standard TSA. Preoperative ASES and visual analog scale scores averaged 39 and 7.1. At final follow-up, scores 
Conclusion
Asymmetric remaining can be reliable in the appropriate clinical setting. It is important to have the proper presurgical planning, to understand the limitations of correction, and to have other options available to treat the biconcave glenoid.
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